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FLIGti MEAS~MENTS “OF “THEFLYING “QUALITIES “

m AN‘F6F-~ AIRPLANE (BUAER NO. 04776)

II Q LATERAL AND .DIRECTIONALSTABILITY AND CONTROL

By Walter C. Williams and John P. Reeder

IN’TRODiJCVION

At the request of the Bureau or Aeronautics, Navy
Department, fli~ht meafiurements were made of the flying
qualities Cf Sl~ “b& F-J &ii’~?l&3t3. ~n~ re~~lts of measure.
menta of’t!~elor..~~-t’xl.tP.&i :;~9’3: lit~ m-d cor.trol are pre-
senbed In l’eftirejlcai. The p~3sont pap9r ~ives results
of tests r-cd-’tc determine ins latm~l 911cI directional
stabiiitv and ccnkrul of tke subject airnlme. The tests
covering the ~unlli~l~chgrecteristics of the F6F-3 air-
plane will be described in s third neport. This test
pro&r&m was conducbed at the L&_ql.eyPield laboratory of
the National Advisory Committee for Aeronautics.

AIRPLA@ “
. .

A thres-view layout of the F6F-3 airplane is shown
in figure 1. Pertinent details and dimensions of the
F6F-3 airplane are given in reference 1. The relation
between control-surface deflectlcm tid stick and rudder
nedal position fs shown h .flgure2 for the rudder and
aileron controls. Rudder angles ara,-measuredin degrees
from the fin and aileron angles are referenced to neutral.
TrZm-tab angle~sare given in de”gre~sfrom the control
surface. SectIons of.thq rudder are given in flgum 3.
FZgure 4 gives aileron sections. Section letters on
figures 3 and 4 correspond to the seotions shown on fig-
ure 1. The products of the span and chord squared, on
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which hln~e-mcsnentcoefficients rmesented herein for the
aileron m-d

Values

rudder are based, arb as folloW8:” ‘“

Aileron (each) 9.83 fts

Rudder 13.51 fts

of friction forces h the aileron
control systems near neutral were found to be
*2 pomds md *15 pounds, respectively.

INSTRUMENTATION .

..
Standard NACA photographically recording

and rudder
approximately

instruments
were used to measure the verious”quantities necessary to
determine the flyin~ qualities of the subject airplane.
A detailed description of the instrumentation used in the
present tests is given in reference 1.

TESTS, RESULTS, AND DISCIJSSION

The verlous flirht conditions used in the present
tests sre defined beiow.

—— .

Ianding cowl Oiland TManifoldConditionFldps gear Canom fl~ps interooolerRPM pressure
shutters (in.Hg)

—
Gliding up up ClosedCloeed Cloeed Bngineidling
Climbingup m ClosedClosed Clo8ed 25501 43
LandingDown Denn Open Closed Cloeed Engine idling
wave-offDown Down Open Open Open 25501 43

The gross weight of the airp@ne for the present tests
was approximately 11,200 pounds et take-off. The tests
were ~onducted at altitudes ranging from 5000 to 10;000 feet.

AS in reference 1, the results Are presented Snd.
snalyzed in the order given in reference 2 with mention
made of the specific requtreinentsof reference 3,

.
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11~ Requirements-f’or-~&dteralS$abilj.tyand Control..
..-.

..

Ir-li Chti”a6i.eristics’.6r &ccmtrollqd ‘lateraland-
directional motiom .

,.
. .

“ The characterls&os of tie uncontrolled lateral .
ad dirqbtional motion were determined”in the speed range
$rom 100 to 3(IOmiles per ~ouP for the qliding condition.
and climbing condition. In these tests the .sirplanewas
trtied fm laterally level flight.and continuous records
were taken while -thepilot abruptly deflected the rudder.,
then released all controls. TypiQal time histories of “
this maneuver are shown in figures 5 and 6. The variation
of the period of the l~teral oscillation with service
Indiceted airspeed is shown in figure 7. It can be seen,
on figures 5 and 6, that the shortiperlod lateral oscil-
lations damped to half smplltude within two cycles, satis-
fying the requirements. Figure 6, however, shows that a
lateral oscillation of small amplitude continued and was
poorly damped. This.oscillation was noticed by the pilots
and was considered objectlonabl~.

The pilot attembted to obtain short->~riod atleron
oscillations by abruptly deflecting the ailerons, then
releasing all controls, but there was no ensuing oscil-
lation of the aileron system itself.

II-B. Aileron-control characteristics (rudder fixed)

The aileron-control characteristics were measured
in abrupt aileron rolls made from laterally level”flight
with the rudder held fixed. Aileron rolls were made with
the airplane in the clean condition wlthpower.ior level
flight at approxtiately 50 miles per hour, increments from
100 to ~00 miles per hour, indicated airspeed.

Figures 8 and 9 give time htstories of typical
aileron rolls made from laterally.level fllght. It should
be noked”that.where”the use of full aileron def~ectlon is
indicate~as in figure 9, the aileron stick force shown
is.not a true measure of the force.required to deflect the
aileras as the stick is agatist the stops. The data
obtained from the aileron “rollswere evaluated to determine
the variation of’aileron effectivefieas pb/2V and change
in aileron stiok force with ohange La ,totelaileron angle.
These data are presented on figure 10. From these data,
it was possible to determine the helix angle, ‘:pb/2V, and
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rolling .v.e~gclty:obtqi.nab~e:,W&th any.stick form. throu@ ‘
the speed range of the tests. Figure 11 gives the values
of pb/2V obtain-ablewith a.-3O~ound“gtlokli%rcs ,asa
function of speed. The Navy and NAC.Arequirements of
values of pb/2V of 0.08 and 0.07, respectively, up to
80 percent of the maxinum level-flight indicated airspeed
(reference 2 and ~) are alsoshown on this figure. Fig=
ure 12 shows the rolllng velocity obtained at 10,000 feek
altitude,.witha 30-pound stick forcp thrcmgh the speed .

.The Navy requirement of a rolling velocity of .
~%g~;r second at .&OOmiles per hour indicated airspeed
is shown on this figm.e.

....
The data obtained:reveal the following facts ‘.”.

qbout the aileron control characteristics of the F6F-3
airplane:: ... .
.

10 At My given speed, the maximum rolling
,.“velocity obtained by abrupt use.of ailerons varied”

smoothly with aileron deflection. .

2. The variation of rolling acceleration with
bhe was in,the correct direction following an abrupt
.ailvon deflection and nc!~lag was evident in developing

.~:therolling moment.

3* The aileron effectiveness (pb/2V per degre”e
ail~on deflection) at 100 miles per hour was-epproxi-
mately 80 percent of thet obtained at 200 miles per

.. . hour,.the decrease being caused by adverse aileron
yaw?

4. Beceuse of the low values of pb/2V obtained
in the level-flight speed range, the aileron control
of the F6F-3 ‘railsto meet the Navy requirement
(Requirement F-9, reference 2) that specifies a value.. .of pb/2V of 0P08 at speeds between 40 percent of

‘. the’stalling speed and 80 percent of tha maxtium -.
level~flight speed. (See fig. 11.) Requirement F-9
of reference 1 also states that fighter-type airplane
should have ailerons capable of developing a rolling
velocity of.30° per second at 400 miles per hour with
a,stick force of 30 pounds. Inspection of figure 4.4
,showsthat the F6Fw3 met this requirement when the

● average of left and”ri~t rolls is considered, .

5*. The F6F*3 ailerons met ihe NAOA minimum ..
reqdrement of a value of pb/2V of 0.07 up to
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.80~percentof’the maximum level-flight speed exoept
-., , In rolls.to..the left below -l~Q-_?@lesper hour. (See

fig. 11.)
.—

. .

6, me value~of ,K, ““”~&on “iffecttven&ss-‘
faotor (reference l+),WEM calculated i’orthe F6F-3
and was found to be.0.495 which Is unusually h$gh.for
this type aileron. , .. .. . ... ... .
. 7* The average value of..dC~d~ for.the left

~d right q~lerons was approximately.-0+0028 per
degree. In this instanoe, Ch. mprbsents the ovOr-
all hinge~moment.c~ef?icient AS a~feo”tedby deflection
and by ~he rekpmse of
~is value of’ dCh/d5
moment coefficients of
airplanes.

the.airplane in a steady roll.
is comparable to the hinge-
o~er o~rent fighter-.type..-

8. The stretoh in the ailer?on-controlsystem
in flight was determ~ed by measur.~ngsimultaneously
the angles of the ailerons &d the control stick.

“The reduction in total;ail.eronangle, due to stretch,
was approximately 0.7° per 10 poun’ds.of stick force
which meef’sthe Navy requirement for control SyS~em
rigidity.

11-Co Sicleslipdue to “ailerons(rudder fixed). .

The sideslip due to ailerons was measured In “the
abrupt aileron rolls from laterally level i’lfghtdescribed
above and in abrupt rolls out of tqms with the rudder
held fixed. The latter maneuver has been edopted as stand-
ard praotice at Langley .for”measprlng.sidesllpdue to
ailerons beoause it has been found difficult to obtain
maximum sideslip angle in a.roll from lat~rally level .
flight, since the airplane.~ual~y r@qch@# ~,aextreme
angle of bank before maximum aideslip sngle is r~aqhed.
In the present lnstance~aIt was possible..toreach maximum
sidesllp sngle in right.rolls from laterally level flight.
Figures .8 and 9 Illustrate rolls from lster~lly level ..
..flight. Rolls ou of’turns are shown in:figures 13, 4,
and 150 tFtgure 1 shows the change.in Da%iinnpsi.deslip
angle as a“function of chmge in total aileron angle in
.abrupt rolls.made from laterelly lavel.flight at 98 miles
per hour. Inspection of thesa figures shows th”atthe use
of full aileron deflection at approximately 100 IPila$per
hour will result in aporoxlmately 18.5° of sideslip ..

.—-

. ..
1“

-.. -—-
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in lef% rolls .qnd 2~~5° h ‘rlglit“r’Qllsw,hichexceeds the
specified “maximumof 20C. The sidss”llpin right rolls Is.,.
larger because of the greater available chmge In total
aileron angle to the rigl+tat low”speb”ds.In figure 16,
maximum.sld”eslipin lef$ rolls”-withpartiel aileron
deflection was not reached etidIs’probebly hlglxm thm
the curve shown because of th~”d=cresse in directional
stability St small angles of left sitieslipwhich is dis-
cussed in section II-F. This decrease”In directional
stabillty “atsmall sldeslip engles”was objectionable to
the”pilots because of the relatively large sideslip caused
by use of’partial aileron deflect~ons.

II~Da Limits of rolling-moment due to sideslip
(dihedrel effect)

The rolllng moment due to ‘si.deslipwas meesured
in gradually increasing sideslips which-were msde by slcwly
deflecting the rudder using”tlieei.le”ronsand elevetors to
maintain straight flight.” A measure o: the dihedral effect
was obtained from the varietion of total aileron mgle
with sfdeslip am.gle. Sideslfps were msde at vmlous speeds
in the landing, wave-off, gliding,snd cllr.bingconditions.
The data are presented in figures 17 to 30. ~ these
figures rudder, elevntor, and aile~on “forcesend deflections
end the angle of’bank ero plotted as functions of side-
slip angle. Figurgs 17 and 18 pert~in to the lending
condition end d~ts for the wave-oft’condition are presented
in figures 19 and 20. Data.for the gliding and cllmblng
condition are show in ffgures 21 through 25 and fiGures 26
through 30, .respectively~ Additional sideslips were made
at a later date in the landing and wave-off condition with
control-position recorders Installed h measure the landing
flap blow-up oharactqri.stlcs. The flaps of the F6F-3 are
In four segments which are spring-loaded snd blow up
lndependently”of each.other tider aerodynamic loads. A
detailed description of this flap arrangement is given in
reference 1. lh.ringthe eforementiohed tests the airplane
was equipped with an experimental qming tab rudder. The
data obtained are shown in figures “31 through ~ where
the angle of the four segments of’the flaps and the rudder
posftlon”are plotted as functions of the sideslip angle.
Figures 31 and 32 apply to the landing condition and fig-
ures 33 and ~ show data for the weve-off condition.
Another meesure of the dihedral effect was.obtained from
rudder kicks in which the pilot-deflected and held the
rudder at a given position, holding the ailerons fixed at
trim. Typical time histories of this maneuver are shown
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in fIgure 35. T* data obtained were “~e~tq “(ietermlne
!the varlatl~n of maximum yawtng.snd ro ling velocity and

..maxlm~ change,.in,s~dea-}lpengle witp ohmige .@ rudder
angle, .These results are atiownin ‘fi&&e 36. - “ -

.
Using the pbeoeding date, the fol~~~ing

may be conoluded oonoez+g the.di~pdral;.efYsotiof the
F6F-3 airplane: ~ . .. .... ....!....: ,:’. . .:

1. There “was“podd.tivi”*ti&idl’j&ftict”ti a11
oondit$ons,t.estedas indicated by “thev:ariattonof
aileron dbfle~tion with sidas~~p. ..The~i.hedral
effect wsS ptisltivetn.the WQV8YOt~.,qfni$il~~onat low
speeds,end was tiusually ~arge..~< .-e‘@$lierflight

Poonditlons. The effective dihe-ti~ wh$ $elculated
~n the wbve-off condltlon at”..~m~les””’perhoiu?and
In the climbing condition at ~0 -milbpper hour. The
values of effective”dihedral were 1,70 ‘.hhd5~1°,
respectively. Thepflots :fomd the,large”rolling
moment due to ~ideslip objectionable ip hi -speed

Pflight because of the.low directionalstab lity at
high speeds. This latter item.is Uscus”sed under
section II-F.

2. The aileron control forces in di~eslips was
sufficient to return the control to neutral only at
the higher speeds tested. At the lower speeds, there
was little or no veriatian of aileron force with side-
sllp angle, the forces being less than tha friction
forces. . .

~ 3, The blow-up characterist:cq“ofthe lending
flaps are such as to cause .gre~terdihedral effeot
in the wave-off condition thanwou~d .beobtained if
the flaps were held in a fixed full-clownposition,
With flaps th~t are held rig~@Jy Zn”the down position,
dihedral effectiis greatly red~ced,in tha wave~off
oondition because of”tha.additional lift on the
tralllng wing as the. slipstream moves Out..overthe
wing with Increasing sideslip angla,” Jn the present
instance, however, the destabilizing effect is decreased
because.the flap deflection Is reduced by the slip-
stream over the trailing wing? wh.ich..decroasesthe
lift on “thatwing and.~aus-esmore positive dihedral
effeot. Unpublished wind-tunnel ttistsof an F6F~3
model showed that in tha weve-off oondltion at a 11#’t
coefficient of 1.46, whioh corresponds to a speed of
approximately 90 miles per hour, the effective

,

--
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dihedral:with ”the flaps ~held“ftxecl”was.2,6°, while with
the flap deflection var@ng wi-th:sldeslttpangle in
the same mmner IasIn the :flight”te”ats,“the effective
dihednal was 3.5°. ..”.’‘“-”“ “‘. “m-~ “ . .

J. The rolling moment due .tosideslip was never
so great that a reversal.of””ro”llimgvelocity occurred
as a result of sideslip due to ailerons, Ther& was,
however, a reduction in aileron effectiveness at low
speeds .(seotlonII-B) which could be attributed to
the large positive dihedral effect.

. . ..
5~ The ‘useof rudd~> a~one:will result in

considerable rolling velocity beo”ausaof the large
positive dihedral “effect. “Forexemple, 6° change
in rudder angle at 99 miles per hour~will result in
approximately the same rolling veloclty as 20° change
in total sileron angle. (SsS figs. 8 and 36,j Pilots,
however, do not like to obtain rodling motion by use
of’the rudder mpinly because of the greatw lag
between.movement of the control end’”theresultant
rolling motion of the airplane when “therudder, rather
than the ailerons, is used. . c“ “

n-a, Rudder-control Ch81?8Ct0rlStlCS .

1. The power ofc”therudder in overcoming adverse
aileron”yaw was determined in rolls out”of turms.
Rolls were made where the pilot used less rudder
deflection than he thought necessary to.overcome
adverse yew end where the pilot used more rudder thm
he thought necessary to overcome adverse yew. These
maneuvers were mede in the clem condition with power
for level flight. Typical maneuvgrs.of .thls”type are

. “shown in figures 37 to 40. It can be sebn frbm
inspection of these figures that 15° of ruddar deflec-
tion is sufficlent”to maintain zero sid~slip.while
using full aileron deflection at approximately
105 miles per hour. The change in rudder$arce is
considerable”(154 pounds) but is within the specified
limit of 18o pounds (raf~renc~s 2 ‘nd.3”)*

2“. The ruddar control was sufficimtly powerful
to msint~ln direction-alcontrol during take-off end
landing, Time histories of a lmding and take-off
are shown In reference 1. .

. . . . :’
.. ...

I
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. . ,,

3* No tests were made to .detemktnethe Spin-
... ,recovery c?mraotertstic.s“ofthe F6F-3 “a@plans.J.,....--. . .

.!” .4.,” AS aho~. by fIgures 16 to 29 right-rudder
foroe was re uired to hold right-rudder deflections

2and lel?t=-rude??foroe was requlr”edto hold lef’t-
rudder deflections.
.“

. 59’ “The hinge-moment ooef.ficlents C% “and C
“. . %

of the ~dder were estimated from the si~slip data
snd the data from the rudder kieks~ C% is~wtlmated

tO be :-0.0054. Ch varied fro”tia small negative
a

b value at 100 miles-per hour to about 0.0011 at
300 miles per hour. In determining this value the

“ohanga of engle of attack of the tail was assumed to
equal the change in sideslip sngle.

II-F. Yawing moment due to sldeslip (directional
stability)

1. As it is stated In p&agraph II-C, the yawing
moments due to sldesllp (rudder fixed) were insuf-
ficient to restrict the sideslip due to use of ailarons
to less than the specified limit of 20° in rolls to
the right et approximately 100 miles per hour. The
sideslip due to use of ailerons In left rolls at
approximately 100 miles per hour was 18.50.

2, The yawing momant due to sideslip was.always
in the correct direction lndicatlnE positive direc-
tional stability (rudder fiked.);that”is, right-rudder
deflection was required to hold left sldeslip, and
left-rudder deflection was required to hold right
sidesllp. The rudder deflection did not’vary linearly
with sideslip angle, In the wave-off condition there
is a marked decrease in dl??ectionalstability for
approximately 5° each side of’the sidaslip raqulred
for laterally level flight. The directional stability
In the climblng and gliding condition Is.slso decmeased
in the same manner as showhby the curves of nudder
position versus sldeszip aagle. This decrease in
directional stablllty at small angles of s.ideslips

. .at low speeds .1salso-shown In figure 16 by the
nonlinearity of the “curveof maximum sldeslip angle
due to use of the ailerons in abrupt rolls from
laterally level flight in the clean condition with

- — —— . .—. . - —.- — .. . .—
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I

power for lqvel flight at approximately 98 miles per
“hoyr; an-das.stated in section ll-Cj the si.deslipto
the left may be quite large for partial aileron deflec-
tions. The decrease in direothnal stability ~or
small rudder deflections at high spbed is also illus-
trated in figure 36 by the:lncrease In slo~e with
speed of the curves of sideslip an~le versus rudder
position obtained in abrupt rudd~r kicksi This
decrease in.directional stability at small angles of
sideslip may be one reason for the’poor damping of
the smsll-amplitude lateral oscillations even though
the lerge oscillations tie well damped (see section
II-A)● This decrease in directional stebility at
small angles of sldeslip, in conjunction with the
large positive dihedral effect,elso mek~s it difficult
for the pilot to maintain steady flight at high speeds.

3~ The yawing moment due to sideslip (rudder
free) wss fouiidto be such’that the airplane would
always tend to return to zero sideslip, regardless
of the angle of sideslip to which it was forced in
all conditions of flight tested. fi the wave-off’
conditton, however, there was reversal in the slope
of the rudder force curves as ceh be seen by inspection
of figures 19 and 20.

L. The directional trim characteristics were
d~termined by measuring the rudder forces and singles
required to trim at various speeds, These data are
presented in figure 41 as the varietton of rudder
force end angle with indicated airspeed for various
flight conditions. Flpu?e 41 als~ showshthe variation
of eileron angle and force, and sideslip angle with
indicated eirspeed. There is no requirement specified
for the change in rudder trim force with speed, but
the pilots felt thst in the~case of the F6.F-3these
changes in force were excessive- The pilots also
reported a rudder shake which was present throughout
the spaed range in all flight co~,ditions,which may
be caused by a turbulent flow behind the elevator
cutouts ●

. 5~ The rudder trim force ohenges caused by
changes in flight configuration at speed of 104.miles
per hour are presented in-table I. “For these tests,
the pilot Used a given trim-tab setting as the fllght
configuration was ohsnged and measurements were made
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of the oontrol:force nequlre.@to t.rti.:“”mppectlon
of tbls table shows .thqtthe pe~lssible, rudder pedal
force o$’.leOpQ~d8 was n~t exc.ppded. ,. .

. . . .

11-(3. Cross-wind force charaoteri~ti& “ ‘

.The”mariati& of cross-w@d fd-;oe’kit~.s.ldealip
angle was in the correo$ direction; that .Is.,.rightibank
accompaniedri.ghtsideslip and left bank accon@anied left .
sideslip as s@wn by figures 17 to 30? . . .,, ● ..

. --- , . .,,,J
II=H* Pitc”hlngmoment dub $0 si.des~p”~~ ~...”.‘“.”.~~

The.pitomng moment due to”sideslip i.asuch that
at the.lowest sp:eedstested in each .con.dition,except .
climbing, less than 1° of plevator”movement is.required
to main~aln longitudinal.trim when the rudder-is moved 5°
right.or left from jts position for straight flight.

11-1s Power of rudder and aileron trimming devices

The power of the rudder trim tabs was measured
in a manner similar to thet used to determine the power
of the elevator tebsi Measurements were made in the .
gliding and climbing condition. Figure 4.1shows the
variation of rudder pedal force with speed for two trim- .
tab settings in the glidin~ end climbin~ condition. The
data werq used to detemnine the chmge in rudder podql
force per degree trim-tab deflection. This factor is
plotted es a Function of indicated airspeed In figure 42.

From the data shown on figures 41 and 43, ~he
following may be concluded regarding the power of the
rudder trim tab of the F6F-3 airplme:

..
1. The rudder pedal force could not be trimmed

to zero below approximately 155mi10s per hour in
the climbing condition. . .

2. The rudder trim tab was adequate in th~
gliding condition from approximately 100 miles per
hour to the highest speeds -tested”. .

39 IThe rudder pedaL forcp could not .betriqmed”
to zero with full deflection of the trim tsb in
either the approach or wave-off ccmdition in the
speed range tested,
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-.

- k. The trim tab was sufficiently powerful in
the lending condition to trim tlierudder pedal forces
to zero at 100 hlles per helm?with approximately half
t~b deflection.

.“

5. In the gliding and climbing condition,
deflection of the rudder tab caused no change in pedal
force below 100 miles per hourp

6. At 280 miles.per hour, 1° deflection of th
trim tab oaused a change In rudder hinge-moment
coefficient of 0.0019.

No quantitative measurements were made of the
power of the aileron trim tab. The aileron trim forces
were small as shown by figure Ale The aileron trim tab “
was reported by the pilot to be adequate for trimming the
tirplane within the conditions end speed range tested.

CONCLUSIONS .

The results of measurements of the lateral and
directional stability and control characteristics of the
F6F-3 showed the following:

i. The control-free leteral oscillations damped to
1/2 amplltude within two cycles but at the hi~her speeds
tested small continuous oscillations occurred.

2. The aileron control characteristics did not
completely fulfill the NQvy or NAC!Aminimum requirements.

3. The maximum sideslip due to use of full aileron
deflection (aileron
to the left end 23.5

~ew) was approxtiately 18.5Q in rolls
in rolls to the right at approxi-

mately 100 miles per hour. With pertiel aileron deflection?
however, the aileron ypw was accentuated because of the
decreased directional stability at smell’sideslip angles.

k. The dihedr~l effect was positive in all conditions
and unusually ler~e in the gliding end climbhg Condition.
The high dihedral effect in conjunction with tha low
directional stability wps considered objectionable.

5. The blow-up choractoristics”of tie lending flaps
were such as to increese the dihedral ef~ect in the wave-
off condition.
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6. The rudder provided suffiotent directional control
during landing and t8ke-Off. The rudder was also suffi-
~l~tly powerful to overcome sideslip due to use of the
ailercms. .Chmges In rudder tra forces”with speed weme
heavy. There was an objeotfonable rudder shake which the
pilots reported .exlst,edin all fli~t conditions through-
out the speed range. ..

. ..

7~ The directional stability, rudder f~xed mnd free,
was positive in all conditions and spppds.tested..“There
was, however, a decrease in directional stability rudder
fixed for small sng~es of sldeslip at high spebds in the
olimbtig and gliding oondition, which, in conjunction with
the large positive dihedral effect,made.the:alrplsne fifi
diffloult to control In h$gn speed flight. c~ “.

8. The pitching moment due to side~l~p was within
the required limits except in the climbing condition. .

9. The power of the rudder trim .tabwas adequate
at low speeds in only the lmading oonditlon. The aileron
trim tab was adequate throughout the speed range.

Langley Memorial Aeronautical Laboratory
Natlonsl Advisory Committee for Aeronautics

Langley Field, Vs., February 13, 1945
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TABLE I

.. -

Flight condition Rudder force
Vi = 1* mph, trim tab 0°

Landing 9 right

Approaah 38 right

Wave-off 69 right

Gliding 4 right

Climbing 83 right

NATICNAL ADVISORY
COMMITTEE FOR AERONAUTICS

-.
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Figure 1. - Three-view layout of the F6?-3 airplane.
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Figure .2.- Varlstion of control--surfacedeflection
with stick and rudder pedal position.
F6F-3 airplane.
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Figure ~. - Section of Tertioal tail, F6F-3 airplane.
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Figure 4. - fleetion of right aileron, F6F-3 airplane.
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Figure 5. - Time hietoriea of typical lateral oscillation
fOllOWlng abrupt rudder deflection, C1imbi”g
condition, F6F-3 airplane.
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Figure 6. Time history of a typical lateral oscillation following
an abrupt rudder deflection at approximately 305 ❑iles
per hour, climbing condition, F6F-3 airplane.

.
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Figure 7. - Variation of the period of lateral oecfllatlonewith
service Indicated airspeed, F6F-3 airplane.
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Figure 8. - Typical time history of an abrupt aileron roll made
at approximately 95 ❑iles per hour using partial
aileron deflection, rudder fixed, clean oondition,
power for level flight, F6F-3 airplane.
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Figure 9. - Typical time history of an abrupt aileron roll made
at approximately 97 miles per hour, using full atleron
deflection. Cleq condition, power for level flight,
F6F-3airplane.
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Figure 10. - Variation of the helix angle pb/2V and
change in aileron 8tiCk force with change
in total aileron angle at varioue 8peed8,
F6F-3 airplane.
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Figure 11. - Variation with indicated airspeed of thepb/2V
obtained with a 30-pound stick-force limit
F6F-3 airplane.



Figure 12. - Variation with Indicated airspeed of the rolling
velocity qbtained at 10,000 feet altitude with
a 30-pound stick-force limit, F6F-3 airplane.
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Tima, 6ecorkYs
FlguT8 13. - Time history of rolling out of a right turn islng

putial a.llerondeflection with rudder held fixed.
clean condition, power for level flight, F6F-3 airplane.
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Figure 14. - Time history of rolling out of a right turn using
full aileron deflectim with rudder held fixed.
Clean condition, power for level flight, FIJF-J
airplane.
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Figure 15. - Time history of rolling out of a left turn using full
aileron deflection with rudder held fixed. Clean
condition, power for level flight, FbF-3 airplane.



FiguH3 16. - Ohange in maximum sideslip angle with change in total
aileron angle in abrupt aileron rolls made from
laterally level flight at 96 miles per hour. Olean
condition, power for level flight, F6F-3 airplane.
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Figure 17; ’- S~ead>.aidealip characteristicsin the landing
condition at 91 miles per hour, F6F-3 airplane.
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Figure M. - Steady sideslip characteristics In the landing
condition at 104 miles per hour, F6F-3 airplane.
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Figure 19. - steady sidesllp oharacterlstica in the wave-off
condition at 84 miles per hour, F6F.-3airplane.
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Figure 20. - Steady sldealip characteristics in th’ewave-off
condition at 105 miles per hour, F6F-3 airplane.
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Figure 21. - Steady ~ide~lip ~h=racte?:etlcs In the gliding
conditicn at 10b !nIlesper hour, FbF-Y ai~plane.
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Figure 22. - Steady 8ideelip characteri8tic8 in the gliding
condition at 145 ❑iles per hour, F6F-J airplane.
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Figure 23. - Steady sideslip oharaoteristics in the gliding
condition at 201 milee per hour, ~6F-3airplane.
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Figure 24. - Steady sideslip characteristics in the gliding
oondition at 255 miles per hour, F6F-3 airplane.
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Figure .25.- steady eidesl1P oharacteiie.tiesin the gliding
condition at 305 ❑iles per hour, F6F-3 airplane.
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Figure 26. - Steady sideslip characteristics In the climbing
condition at 93 mile8 per hour, F6F-3 airplane.
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Figure27. - steady elde811P characteristicB in”the climbing
oo~ition at 149 ❑iles per hour, ~6F-3 airplane.
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Figure 23. - Steedy sideslip cheraoterlstics in the climbing
condition at 19g ❑iles per hour, F6F-3 airplane.
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Figure 29. - Steady sidesl1P Oharaoteriatioa in the climbing
aonditlon at 252 milee per hour, F6F-3 airplane.
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Figure 31. - Flap blow-up oharaoteriatioa in mteady eidealipa,
V = 88 miles per hour, landing condition,
A-3 airplane.
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Figure 32. - Flap blow-up charaoterlstics in steady sideslips
V = 102 miles per hour, lending oondition
F&-3 airplane.
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Figure 33. - Flap blow-up Cbaraoteriatlkm in nteady eideelip~
V = g! ❑iles per hour, -awe-off oondition,
~F-3 airplane.
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Figure34. - Flap blow-up CharaCterlst lcB in eteady ~lde~lIpe
Vi = 102 miles per hour, F6F-3 airplane.
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Figure 35. - Typical time hintories of abrupt rudder kicks,
clean condition,power f m level f1ight, F6F-3
airplane.
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Figude 36.- Variationof maximum sldeslip angle,
yawing velocity, and rolling veloolty
with change In rudder angle in abrupt
rudder kicks, F6F-3airplane.
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T;mu, suconcis
Figure 37.- !Mme history of rolling out of a right turn using

partial aileron control and less rudder than
necessary to overcome adverse allero~ yaw. Clefm
condition, powar for level flight, FOF.3 airplane.
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T;m~, 6QcondJ
Figure 58.- The history of rolling out of e right turn using

pa~tl.al aileron control and more rudder than
necessary to overcome adverse aileron yaw. clean
conciltion,power for level flight, F6F-3 airplane.
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Figure 39. - Time history of rolling out of a right turn ueing
fUll aileron deflection and less rudder than neo-
(!Bmry to o~ercome adverse aileron yaw. Clean
condition, power f,orlevel flight, ?’6F-3airplane.
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T/’ma, sacondd
Figure 40. - Time his tory of rolllng out of a right turn using

full aileron and slightly more rudder deflection
than necessary to overcome adverse aileron yaw.
cle~ condition, power for level flight,
‘<~-~ .sirPlane.
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Figure 41. - Directional and lateral trim ch~racterietice,
F6F-3airplane.
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Figure 42. - Variation of rudder pedal foroe with Indicated
alrapeed f or two trim tab eettings, glidlng
and olimbing condition, F6F-3 airplane.
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Figure !3. - Variation of rudderpedal force
tab deflectionwith indicated
and climbing condition,P6F-3

per degree trim
air~peed, gliding
airplane.




